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(54) Title: ELECTROSTATIC SPRAYING OF PARTICULATE MATERIAL 



(57) Abstract 

A method and device (20) for spraying particulate 
materials in which a high voltage is applied to a mass 
of the particulate material so as to cause particles to issue 
from the mass. High voltage from a source (16) is applied 
to a mass of material (36) stored in a container. A surface 
of the mass (36) is exposed to the surroundings and the 
applied voltage is conducted through the bulk material 
to parbcles located at the exposed surface which are 
thereby projected as an electrically charged spray from the 
mass under the influence of the electric field substantially 
without any accompanying corona discharge. 
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ELECTROSTATIC SPRAYING OF PARTICULATE MATERIAL. 
This invention relates to electrostatic spraying. 

There are a wide variety of methods available tor effecting the disperwng of liquid-based 
materials. For instance. aerosoMype dispensers are in wtiespread use. Such dispensers are 
5 particularly convenient for dispensing personal care and personal hygiene formulations (eg 
perfumes, deodorants, cosmetics etc). Often in such applications, the active ingredient is in fact a 
solid material suspended or otherwise dispersed in a suitable liquid carrier to aid dispensing. 

According to one aspect of the present invention there is provided a method of spraying 
particulate materials comprising applying a high voltage to a mass of the material in such a way 
10 as to electrically charge particles of the material and thereby effect propulsion of the parties 

away from said mass. 

According to a second aspect of the present invention there is provided a method of 
spraying particulate materials comprising applying a high voltage to a mass of the material in such 
a way as to electrically charge particles of the material present at and/or in the vicinity of a surface 
1 s or surfaces of the mass and and thereby generate an eiedric field by means of which the parte* 
are caused to issue from such surface(s). 

A feature of the invention resides in the absence of any liquid vehicle for suspens.cn of the 
' particulate material. Also high voltage is applied to me mass of particulate material prior to issue 

, of particles from the mass. 
2o"~ Theuseof electrostatic fields in the spraying of particulate materials is luiown perse. For 
instance as discussed in Internationa. Patent Application No. WO 94/19042 (Balachandran ef a/>. 
it is known that the site of deposition within the respiratory tract of an inhalable substance can be 
influenced by the level of e.ectrostatic charge on the paflic.es of the inhalable substance, 
international Patent Application No. WO 94/19042 discloses a device in which the substance to be 
25 administered is dispensed in the form of inhalable partides (aerosol liquK* or powder) .nto a 
passageway defined by a mouthpiece of the device and an arrangement of etectrooe, within the 
passageway is used to impart electrostatic charge to the partides so d.spensed. In ttus way. the . 
electrostatic charge characteristically imparted to partides on being dispensed from a part.cu.ar 
type of dispensing means can be modified in a controHed manner as they pass through a charg.ng 
30 reg.o« established by the electrode arrangement. Such modification is stated to encompass 
increases, reductions, reversal and neutra.isation of the level of electrostatic charge on the 
partides. 

WMh such an arrangement, it is difficult to secure a uniform level of elearostat* charge on 
the partides since the partides are dispersed into the inhaled airstream and passed through the 
35 electric field developed by the eledrodes. Partides at different locations in the airstream therefore 
tend to receive difficult levels of e.edrostatic charge resulting in partides with a wide spedrum of 

electrostatic charge. 
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Also electrostatic spraying * used in coaling articles with plastics material, the material 
initially being sprayed onto the article as a relativiey thick layer and then consolidated to form a 
continuous layer by heating. The parttutatt matenal is fluidised and caused to flow by means of 
an air supply and is electrtcatty charged by traversing a corona discharge electrode after being 
nursed, in such coating techniques, the partaJiata material used has a high volume resistivity 
(typieaty 10- onm.cm and higher) and is not capable of being sprayed if voltage is applied to a 
mass of such material, le since conduction of the appfiad votage and charge leakage through the 
mass Is largely prevented by the highly msutatmg nature of the material. Nwvconduction of the 
charge is highiy desirable since such spraymg technique* are uattGy.ntquired to produce 
relatively thft* adherent, coatings of matenai and the noivcoriductionot charge (ie lack of charge 
dissipation) is an important factor in ensuring that the material adheres to the target for the 
signincsrttiriwp 

deposited particles. ■ t^- : . 

^ieontrtst.totf»meti^ 
15 ic^tesistrv^ man iised intricate 

can be charged by leakage of charge through the rriw <rather Itten** means of a corona * 
discharge). The ability of the particulate material to attWDy.means at electrical forces will tend* 
to btfToW biiU in general: the tfoekness of thelayerto be depcUedvrtl tend tat* substantia* 
less and. where gravity may be a factor, in terms of «o>ierefwe.reia»»:ftplacfdon the 
darr^esa'orlaewnisa ibf th**uiface onto Wiethe particulate materia^ sprayed. Also. in 
practising me methods of the present inverti«.itis- i «!nec»ssa^ 

prope»lmgthiepBn»e*? *- - - >• *o ■ 

As metrtlbned above, b^ 
mveraibn; adherence to surfaces by virtue of the electrical forces created tends to be reduced 
since charge leakage or dissipation can occur. The reduced adherence may be compensated for ,f 
the surface to be sprayed is damp or tacky, to some cases, the retortion of the sprayed particulate 
material may be assisted by application of some forniof adttarenpa pipmoting aganj to the 
ina^»b#5»pniyedar«oyortothe parbculaiaiiiaieriBt -«r ^t, !;•-. 

i^tWpartfcutate material may ba eor«Jini4.aif«*i • receptacle having ■ discharge 
It wtitehVsurface of the mass is exposed at tost durirg spraying..,. 
The applied voltage may be positive or negative (positive voltages being preferred) and is 
typicafty in the range of 3 to 40 kV. usually less than 30 kV. eg 3 to 25 kV. An important feature of 
the invention is that the voltage is selected with the aim of preventing or miminising corona 
35 discharge. Thus, tf the device is put into its operational stale mtta absence of tw particulate 
material, the voltage selected is such that . without said mass present, there is substantially no 
corona discharge from the device. In the present invention, corona discharge is considered 
undesirable in contrast with the prior art where corona discharge is important. 



20 



25 




WO 96/10459 



PCT/GBW02218 



tn some instances, it may be desirable to use a high vottage generator producing an output 
which alternates between positive and negative polarities, for instance for shock suppression 
purposes or to allow the spraying of targets which are otherwise difficult to spray e»»ctnwtatically 
(for example, hair - especially dry fine hair) as disclosed in our prior EP-A-468735 and 466736 
5 and PCT-A-W094/1 3063, the disclosures of which are incorporated herein where the context 
admits. Other features of our prior EP-A- 120633. 441501. 462614, 488198, 503766 and 607162 
may be employed in practising the present invention and the disclosures of these patent 
specifications are also incorporated herein where the context admits. 

The high vottage generator may be of the type disclosed in EP-A-163390. However, voltage 

10 generators of this form are expensive to manufacture and are relatively bulky especially for use in 
electrostatic spraying devices required to be compact in size, eg sprayers for cosmetics, perfumes 
and medical and pseudo-medical formulations such as ocular, oral and nasal formulations and 
skin treatment agents.. Moreover, the battery pack required for power supply must be 
accommodated within the housing of the sprayer and frequent battery replacement or recharging 

15 is necessary. 

Accordingly in the present invention the vottage generator may be one comprising a large 
array of voltage producing elements interconnected to produce a high voltage. 

Preferably the generator is a solid state device comprising hundreds or even thousands of 
individual vottage producing elements which may be serially connected so that collectively they 
20 produce a high voltage output. 

Typically the current output of the generator will be such that the power rating of the 
generator is 100 mW or less, more usually 50 mW or less. For example, for a paint spraying 
device, the voltage may be in excess of 25 kV and the current of the order of 1 microamp (power 
rating of 30 mW) whilst for a room fragrance sprayer the voltage may be of the order of 0.5 to 
25 2.0 mW, typically 1 .2 mW (eg 100 nA current and 12 kV voltage). 

The high vottage generator conveniently comprises an array of photosensitive elements so 
arranged as to produce a voltage output of at least 1 kV. 

Preferably the array of photosensitive elements is so arranged as to produce a voltage 
output of at least 5 kV. and more preferably upwards of 8 kV. 
30 The generator is conveniently in the form of an electronic solid state device comprising a 

large array of photosensitive elements. For instance, the solid state device may comprise a 
photovoltaic material (eg suitably doped polycrystalline silicon such as that used in the production 
of solar cells and solar panels) appropriately divided into discrete sections, eg by etching and/or 
laser scribing techniques commonly used in the production of semiconductor devices, to form a 
35 large array of discrete photovoltaic elements interconnected in such a way as to produce, 
collectively, a high voltage output of the order referred to above when irradiated. 

A cell of photovoltaic material, such as silicon doped with boron to produce a pure lattice of 
p-type material, can produce a relatively low voltage output (typically of the order of 0.45 V) when 
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illuminated depending on the light intensity and toad, but independently of me ***** area. 
Current output on we other hand is related to both light intensity and the surface area of the ceB. 
For the land of electrostatic spraying applications with which the present invention is primarily 
concerned current demand is very low (microamps and even nanoamps) and consequently, by 
5 serially connecting a sufficiently large array of tow voltage otfput photovoltaic elements consotem 
with the high voltage to be secured (eg several kV and greater), it is feasible to obtain sufficiently 
high voltages for electrostatic spraying applications without requiring me large surface areas 
usually associated with solar panels. 

The voltage producing elements may be constituted by fight sanative elements, such as 

10 prKaovona* elements, c^^ 

Horn ihthiscase: the array maybe located «. an external^ of me sprays 
me generator so as to be exposed to the surround) ngs. This einbodlmemrn»y for 1^^ 
utHity for room fragrance spraying since me generator may be active when me amy is lllummated 
during dayoght hours (and night time wfien tt» rwm SgMing * s* 

15 dunng the hours of darkness when the room lighting is swrtcfted off. "«*•?•<.. ^ 
Means nu* be provided for select 
radiation/fight according to whether high voltage output is required. For instance, the housing of I 
the gtnerewV spr^ d^ rn^ be providM 

movable between positions in which » conceals or exposes the array to the surroundings. The 
20 shie.d may aKerrurbve* be in the form of a removable cover wt** wh« mounted on or attached 
to me *r^orsp»y»r* device. r^**Mo»<atoW.^^^™«™ 
removed, the swttchtng action thereby be** effected by removal and replacement of the cover 

TheshielcVcbWrnaybea* 
vary me rate of spraying for instance. 
25 Where the spraying device is designed fortar^MusaT medevtomayeornprBea 

portion intended 16 be held in me hand, eg a hand grip, .no a section which would no. normal be 
encompassed by the hand in use of the device. the array *pt««««^«te^»>e«H» 
disposed on the latter section so as to be exposed to ambient radiatciWIgl* ... 

V^en the array is arranged on a s«t»on of the devte. so ba expos-* use. the array 

ao^^p^tecWi^to 

parllafy tranamtstlve to the radiatton/Hght. 

- In another emtxxfiment. the voltage producmg elements are constituted by radiation 
******* connected in an array arranged to be irred«e*» a n*latio. source forming 
part of me spaying device. The radiation source n«. «op« ~ «M^«» ■» 
35 radiation for the array or rt may serve to supplement ambient rad«o«*flht. For *«unc. me 
radiation source may be a radiation emittng e«men, such as a Bght emitting «* st«e efcment 
(eg a light emitting diode), a filament (eg light bulb) which emits light when current * passed 
mrough me flament or a fluorescent temp. Switching on and off of the generator* th« '"stance 
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may be controlled by switching the radiation emitting element on and off. in which case the 
switching device need only be a low voltage switch controlling a high voltage output. Alternatively 
switching on and off of the generator may be effected by means operable to expose and shield the 
array selectively to/from the radiation emitting element and such means may be movable by the 
S user between exposure and shielding positions relative to the array. 

Where the spraying device includes such a radiation source, the source may be connected 
to terminal means to which an electrical power source (such as a low voltage battery) is 
connectible. In this event, the housing of the spraying device preferably includes a compartment 
for insertion of the power supply and. if desired, the radiation source and the high voltage 
10 generator may be accommodated internally of the housing. Activation and deactivation of the 
generator may be effected by means of a user-controllable switch forming part of an electric 
circuit including the terminal means and the power supply (in use). 

Exposure of the array (for example to control switching on and off of the generator) may be 
controlled by means of a user controllable actuator. In the case of a spraying device, the actuator 
15 may serve to control the supply of material to the outlet of the device and may also be coupled 
with a movable masking element so that, in response to delivery of the material to the spraying 
outlet, the array is exposed to produce high voltage for application to the material and thereby 
deliver a spray of electrically charged material. In a typical embodtmertt. the spraying device 
comprises a user operable trigger for applying pressure to electrostatically sprayabte material 
20 contained in a reservoir or container (for example in the form of a piston and cylinder type device 
or in the form of a compressible container) to effect delivery of the material to the spraying outlet, 
and the trigger is coupled to a masking element which is moved relative to the array 
(translationaBy or rotational*) to expose or increase exposure of the array to ambient radiation or 
to radiation from an associated radiation source. Alternatively, the masking element may be 
25 omitted and the radiation source may be energised in response to actuation of the trigger whereby 
the array is irradiated in the course of operating the trigger to deliver the material to the spraytng 
outlet. 

If employed, the radiation source may serve a dual purpose, ie the production of l«ht for 
irradiation of the photosensttive array, and for producing tight for illumination of the object/target 
30 to be sprayed, m addition, the radiation source may serve to indicate that the generator is 

operational. 

AS disclosed in EP-A-468735 and 468736 and PCT-A-WO94/13063. it is desirable .n some 
applications to provide a bipolar high voltage output for example for the purposes of shock 
suppression and/or to allow the spraying of electrically insulating materials such as plastics. 
35 human hair etc which are otherwise difficult to spray. The generator may for such applicauons be 
arranged to provide a bipolar output, eg with an output frequency as disclosed in EP-A-468735 
and 468738 For example, the high voltage output of the generator may be electronically switched 
at a des.red frequency (which may be user-controlied) by means of electrical circuitry associated 
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with the generator to produce bipolar output, eg using high votage switching aiTangements as 
disclosed in PCT-A-W094/1 3083. Alternatively the generator may comprise two arrays of 
photosensitive elements, the arrays being configured to produce respective positive and negative 
high voltage outputs and control means being provided to atemately irradiate the arrays (either by 
5 ambient radiation/tight or by radiation/Hght produced by an associated radiation source or sources) 
so that the composite output alternates between positive and negative values at a frequency 
determined by the control means. 

In a specific embodiment, a spraying device may comprise two high voltage generators of 
the solid state type disclosed above with radiation responsive switching means of the form 
10 disclosed in international Application Wo. WO94/13063 arranged to atemately switch the 

generators in such a way that a bipolar voftage is applied to the location or site from which a spray 
or a stream of ions is to be generated, positive voftage being derive* ton one generator and. 
negative voltage from me other. For instance, each generator may be coupled to said location 
through a respective radiation responsive switching means and cortntf circuitry may be provided 
T5 to operate the Switching meare | 
controlling tffe radiation sources associated with each switching means; - ^ * . * ^ 
* The material is preferably one which in bulk fomvas a packed paniculate mass, is not f 
high* e^WcallyliwilaUng. typically exhibiting a resistivity ol^bo*10?\o»tm.cmor less, usually 
m thtfrttge oTW W Wofmcm. so that the voltage can be aptfad tgl&^particles at the 
20 surfi^lftrough the mass of material.- "~ a : - ^ ^ ? : :o^-j> i -v . 

" For the evbfcance of doubt, me volume reststtwty of the material per ae is not necessarily 
within the specified range What is important Is tha*toe rese&vtfy, pf the by* powxler .should be 
5 appropriate to ensure that voltage applied to the buttunaterial is conducted the surface from 
wtwch th* part**** « a Thus - w* 1 *' rt » concetvatte that the particles could 
25 be composed of a core of highly insulating material with a volumeresisdWy well in excess of 
10" ohm.cm but coated with a material of tower resistivity such the* |he particles exhibit a bulk 
resistivity within the range 10* to 10" ohm.cm when consolidated as a packed mass without 
compressir«^Jw*ad mass. In some cases, the particulate material may comprise a mixture of 
materials havin&jd^finQ volume resistivities. For Instance, when ope matprial used alone is 
30 ^fmtto a^^srtbfactorily. a mixture with a second materia having ^itifferent volume 
^sttyity may permit the combined materials to spray under the same voftage conditions. 

Reticles spreyaWe by methods in accordance with the present invention will usually have a 
mean particle stee lying m the range of 1 to 1000 microns. typicaSy less than 400 microns and 
preferably 10 to 200 microns. Preferably the particles are of a non-fiamemary nature since 
35 elongate fibres or the like are more prone to corona discharge, with generally spherical particles 
being preferred. 

Various applications of the method of the invention are envisaged, for example spraying of 
suitable powdered active ingredients for use in the following: 
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personal hygiene and care products such as deodorants, anti-perspirants. cosmetics (eg 
make up, talcs), medical and pseudo-medical formulations for application to the human 
body including, inter alia, nasal and oral cavities; 

domestic products such as household cleaning and surface treatment materials (eg oven 
5 cleaners, kitchen utensils, bleaches, toilet powders), pesticide*, insecticides, 

disinfectants, plant nutrients: and 

industrial products such as food additives, food coatings, utensil coating (eg baking tray 
coatings). 

Thus, for example, some conventional antt-perspirants are based on an active material. 

10 such as aluminium compounds such as aluminium chlorohydrate. in particulate form suspended in 
a volatile organic liquid vehicle to aid spraying. In accordance with the present invention only the 
anti-perspirant active ingredient (eg aluminium chlorohydrate) need be used in powder form, in 
this way. use of a volatile liquid vehicle can be eliminated. 

In some applications of the invention, the arrangement may be such that the applied 

1 5 voltage is insufficient to cause issue or propulsion of particles from the bulk material until the 
electnc field is sufficiently intensified, ie by bringing the mass of material into the proximity of an 
object or target towards which the particulate material is to be sprayed, to other words, the 
arrangement may be such that spraying of the particulate material is substantially suppressed until 
the surface from which the material issues is within a predetermined distance from the object or 

20 target to be sprayed. The distance involved may vary according to the particular application bid 
for many applications the predetermined distance is typically about 25 cms or less. For some 
applications, said predetermined distance may be about 20 cms or less. In some cases, eg 
cosmetic applications and other applications involving spraying the body, said predetermined 
distance may be about 10 cms or less, and for applications requiring accurate directly spraying, it 

25 may be about 5 cms or less. 

According to a further aspect of the invention there is provided a device for spraying 
particulate material, comprising a receptacle for the material to be sprayed, a voltage generator 
for applying high voltage to the mass of particulate material, and means defining a dispensing 
location from which electrically charged particles issue from the mass in use. 

30 Preferably the material is sprayed from the device without effecting transport of the material 

wrth the aid of mobile gaseous fluid, the high voltage preferably being applied to the mass of the 
material while static within the containing receptacle. 

Because the particles sprayed from the device are electrically charged, the spray will tend 
to be directional because of the earth seeking nature of a cloud of charged particles. In this way. 

35 formation of a "fog"of loose particles suspended in air is substantially avoided. Also, the particles 
by virtue of being electrically charged are less prone to being inhaled into the lungs. Moreover, 
because of the manner in which the particles are charged, ie by application of high voltage to the 
static mass accompanied by charge leakage through the mass, all of the particles will be charged 
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whereas this is not necessarily the case where a corona discharge teclwn* is used to charoe a 
fhridised stream of particles as disciosad m International Patent Application No. WO94/19042. 

PreferaMy the device is in tne form of a serf-contatned unit compfwng a bowing which is 
Suisse for hand-hetd use or is readiry portable using one hand, the nousng acconvrwdtting the 
5 high voltage generator and any power supply (eg a battery power supply) needed thereby . 

The particulate material may be contained within a storage section *ihin the housing of the 
device or it may toe supplied by way of a replace** a«Vo/ refilled 
assembly with the device, eg insertion into a compartment within the housing of the device. 
.. emeootmert ol me invent^. tne.pastoiTO 

10 reserve* orewiairw 

spraywg. a surface of the mass of particulate material is exposed where* eledrtealY ^ 
particles tssueirom that surface via a discharge outlet of the device. Mean may. Ae provided tor 
moving the mass of particulate material (either by displacement of the rrass within the container 
or reservoir or by.dispJacement o« the container or receptacle) so as to compensate for the fsi in 
isr the t«v«toi.tlie^»as»*»resytt of spraying ; ie so as adjust the level of rtdj^retoitr^ : to the | 
dtocnargeioutteias theamount of particulate material reduces. . *'d».» —!•-•*? - | 
• cfteteiatJiy * user operable a«^ •* 
r - olscrwo^thrW mmaai is discharged. The *&agj w atso 

... control e*«aiioftet<ini^ werator and the mwm ^*qa<g ^^** 
20 apw»|if»^^totua*Br Is effective to r^ordma^ofjening of the dhchaKi^o^e^jelh 
- op era tion ofthe-voitefle generator. , -.- ^ ^, , . , • .-. AZ JC >. v---?, r 

actuator may comprise a movable element corttoffing opera* and closing of the opening. The 
25 movable element may be in the form of a shutter (eg an iris-type shutter) or it may be formed wrth 
an apertureer apertujes which can be niovedintoaiidoutqf reg^wansaidop 
reeponse to iwt«noe»^ the ; element For example, the movable element may be stioaote so that 
the aperaturets) there* are moved lateraUy relative to said opening between a ocsiiion with the 
aperturefs) toe^i^reBWiy with said openino ■* • position in which the sperttireis) ts/are 
^t*on*iji8 .<* *• opening and a iiw»^wfcratedpc^olthem 

/tsaeng the reservoir, container or the like, at least to the extent necessary to 
plvert escape of the particulBte materiaL The sliding motion of the movable element may be 
rotary ormmtattonai with respect to the device. In a convenient airangement the rhovabte 
element is arranged so that, when the device is held In the hand, a can be moved between as 
35 openmg and ctosing portions by means of the user's thumb either by directly by stking the thumb 
to end fro wlale m coiitact with the nwve^ 
actuator linked with movable element controlling opening and ctosing. 

If desired, the actuator may be biassed, eg spring loaded, towards the closing position. 
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In other embodiments of the invention, the arrangement may be such that discrete 
quantities of the particulate material are made available for spraying. For example, operation of 
the device may involve separating a portion of the particulate material fromme main Wk and the 
application of high voltage to the portion so separated. 

5 Alternatively the particulate material may be stored as separate discrete quantities, for 

example in capsules or celts, and operation of the device may involve opening or rupttfing the 
capsule or cell to expose the particulate mass therein with accompanying application of high 
voltage to the encapsulated mass to effect spraying. In this case, the particulate material may be 
encapsulated in a series of cells, eg coupled together in the form of a strip, and means may be 

1 0 provided for indexing the cells successively into a location at which each cefl is opened or 

ruptured and at which the high voltage is applied to the mass of encapsulated material thus made 
available for spraying. The driving force for effecting indexing of the ceHs may be derived from 
effort imparted by the user, eg in moving a trigger or other user operable aauator which may also 
be arranged to render the high voltage generator opera We in a manner co-ordinated with exposure 

15 of the particulate material. 

The invention will now be described by way of example only with reference to the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic view of a first embodiment for electrostatically spraying powder in a 
predominantly upward direction; 
20 Figure 2 is a vertical section through the device of Figure 1 : 

Figure 3 is diagrammatic view of a second embodiment which is designed for spraying powder in 

a predominantly downward direction: 

Figure 4 is a vertical section through the device of Figure 3; 

Figure 5 is a diagrammatic view of a spraying device for use in the application of for example 
25 powdered personal care and hygiene products; 

Figure 6 is a vertical section through the device of Figure 5; 

Figure 7 is a diagrammatic view illustrating the principle of operation of another embodiment in 
accordance with the invention: 

Figure 8 is a detail view illustrating exposure of powder for spraying; 
30 Figures 9 and 10 are diagrammatic views illustrating a further mode of operation; 
Figures 11 to 13 are diagrammatic views illustrating yet another mode of operation; 
Figure 14 is diagrammatic view of a device suitable for spraying material for inhalation into the 
respiratory system: 

Figure 1 5 illustrates schematically a modification which is applicable to each of the embodiments 
35 illustrated in Figures 1 to 14; and 

Figure 16 is a schematic view of a cell for use in determining bulk powder resistivity. 

Referring to Figures 1 and 2. the powder dispersing device illustrated comprises a base unii 
10 for location on a horizontal surface, the bottom wall 12 of the base una serving to provide a 



9 



PCtfUMftUlS 



connection to earth via the surface on wh»ch il stands. For this purpose, the t«I«n wan 1 2 of the 
bass unit irtdutfes a ptate 13 of material which es etectncaay conductive or of material which has 
sane degree of conductivity. The base una 10 house* a low v«aoe DaBtf? supply 14 for 
powering arcutryie for produang a high voltage. typically of the order of 6 kV or more, under the 
S control of a user operable switch 18. An upper urat 20 is mounted above the base unit 10 and 
comprises a cerrtrrt tubular portkm 22. t^ 

which is rotatabry engaged in the base una so that the upper unit 20 can be rotated about the axis 
of Bwtuliular portion 22. The po^^ 

so «s» provide en upwardly convex area 30 around the upper openers) ottr»cene#tubuter 
10 portion ZZ. 

A fixed rod 32 Is mounted on the base unit 10 and extends upwardh; Into tha:bentraJ tubular 
person 22. the rod being externally threaded along its length and being engaged w*h a disc 34 
• wMch S mounted wtthin the portion 22 and forms the base of a rxiwder-nffldving cavity 36. The 
"<Ksc34isprt»^edvwm 

15 peripheral wall of the portion 22 so that the due is eoristratned ag^ rotation rotative to portion | 
22toutefre¥tomc*emthe | 
relative to the baseunrtlO. In this way. the depth ofthepowdew«cerwc>gcw» 

- as the ©jiantJfy of powder in the cavity diminishes. As shown: the cttc"3*ifcSliowB in*nc 
intermediate position along to range of travel. ««* - > - 

20 ,„ addition to co*per*lr*vrfn the dte^^ 

,«^,hi^voW 

the interior of the powder-reoerving cavity whereby high voltage can be apt* ad tothe-powder m 
tnecavity when the switch 18 is operated to energise me ma*tf*. tLxm***-****™*** 
adjustment of the upper unit relative to the base teat the exjmed tumKf^Owppvrter.matenal 

25 can be mairrtamed adjacent the open upper end* the tut»WT»rte*22, *h*high voltage 
applied to the powder within the cavity 36 is «iiduc»»lhn>ugMBW^ *••«•• 
which has at least some degree of conductivity to permit the* so that eo rteetncJielo^jxtKfcjced 
wnereby partlctes present at the exposed surface are propetWunder the * *• 

field away torn the boik of the powder. The upper edge 40 of the port^2W»ott»pertn» 

30. <trt&tHtiO*to enhance the electric field mtensey. A high voltage may be estettsned at the 
«B^e^ Was a rest* of rtectitart ch^ 

tutuarportton 22 is of highly insulating material) or by coupling the high <r*ta«ft*uttiiit of the 
crcurtry 16 electncalty to the edge, eg by means of a surtabte conductive path via the rod 32 and 
the dfec 34 and a conductive track extending along the tubuiar portion 22s 
35 in order to retain the powder within the device when not in use. the upper unit 20 or the 
tubular portion 22 may be provided with a removable cover (not shown) proving a seal for the 
powder-receiving cavity 36. 
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Referring to Figures 3 and 4. the device comprises a housing 50 accommodating a dc 
battery supply 52 powering a high voltage generator 54 under the control of user operable switch 
56. A connection to earth may be made via the user. * by contact of the users finger with button - - 
57 for actuating the switch 56. The housing 50 includes a powder-receiving cavity 58 with a 
5 shaped disc 60 mounted beneath the lower end of the cavity, the disc being formed with an 
annular channel 62 into which the powder can flow under gravity and being designed such that the 
angle of repose of the powder does not result in powder overflow. The high voltage output of the 
generator 54 is coupled to the interior of the cavity 58 and hence the powder contained therein by 
a rod 64 which may also serve to connect the disc 60 to the housing 50. Means (not shown) may 
10 be provided for moving or adjusting the position of the disc 60 relative to the housing for example 
to vary the size of the opening between the disc 60 and the lower end of the cavity 58 and/or to 
locate the disc 80 in a sealing position to prevent powder flow from the cavity 58 when the device 
is not in use. Such means may be co-ordinated with operation of the high voltage generator so 
that opening of the cavity is accompanied by the application of voltage to the powder, or wee 
1 5 versa, in operation, spraying is effected when the high voltage is applied to the powder with the 
disc in an extended position as shown so that the powder can flow into the channel 62. the voltage 
being conducted to the exposed surfaces of the mass ot material resulting in the propulsion of 
particles of the material from such exposed surfaces. The upper end 66 of the cavity 58 is formed 
with one or more vents to allow the admission of air as the powder level falls. The illustrated 
20 device is intended primarily for lateral/downward spraying of powder onto suitable surfaces. 

Referring now to Figures 5 and 6. the device illustrated is suitable, infer e#a. for spraying 
personal hygiene and care products. The housing 80 of the device accommodates a dc battery 
supply 82 powering a high voltage generator 84 under the control of user operable switch 88. The 
housing 80 includes a powder-receiving cavity 88 adjacent one end and voltage is applied to the 
25 interior of the cavity 88 via a conductor 90 connected to the high voltage output of the generator 
84. The cavity 88 is open at its upper end but is sealed when not in use by siidable stnp 92 of 
flexible material (eg a suitable plastics material). 

The strip 92 extends down the side of the housing 80 and is formed with a notch 94 for 
registry with the thumb of the user. By appropriate manpulation with the thumb, the strip 92 can 
30 be moved relative to the open end of the cavity in the directions indicated by arrows A between a 
seating position as shown in Figure 6 and a spraying posrtion as shown in Figure S in which a hole 
96 is brought into registry with the open end of the cavity to expose trie powder. If desired, the 
actuating strip may be biassed, eg spring loaded, to the closed position shown in Figure 6. The 
actuating strip 92 Is coupled (shown diagrammatical*) with the switch 86 in such a way that 
35 energisation and deactivation of the generator 84 is co-ordinated with opening and closing of the 
upper end of the cavity in response to manipulation of the strip 92. Thus, for example, the 
arrangement may be such that the generator 84 is not energised until trie hole 96 is fully 
registered with the open end of the cavity. A conduebve area 98 may be associated with the notch 
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94 so that earth connection for me electrical circuit is made when the user's thumb is registered 
with the notch. Where the device of Figures S and 6 is intended for use as an applicator for 
personal care and hygiene products, it win often be desire We to employ a voltage such that, with 
me generator energised and me powder exposed via hole 90. me electric field intensity does not 
5 become sufficient to Initiate spraying of the powder ur«l me upper end of the device is Drought 
within a predetermined distance from the site to be sprayed, eg about 10 cms or less depending 
on the nature of the powder to be discharged: for instance, in the ease of an eye shadow 
applicator the arrangement may be such that spraying is suppressed unfit the dfccnirge outlet of 
the applicator is wrlhbi say 1 cm of the siteto be sprayed. " :f 
10 In the embodiments of figure 1 to «. the powder is accomodated in • reeeptacle or cavity 

within the device. Figures 7 and 8 Orustrate an aRemstive embodfcrwnt in which the powder to be 
^ sprayed is stored in capsule form, the capsule being rapluredtoexposetfo 

is required.' As in previous embodiments, the housing 110 (shown in part only) accomodates a dc 
" battery suppty 112 powering a won voltage generator 114 under thecontrol ofusaT operable 
15 switch iie.TMhous^TiO receives a strip 118 corn^rig a'seiie* of leinrthwise spaced | 
capsules 126'"of powder. The strip comprises upper and lower laytin 1 22v 12*o» material such as ^ 
toll between wfttah discrete quantities of the powder material are encapsulated;- The upper layer ; 
r ° ! 122 at least 6 composed of a matenal which wffi readxy rupture whilst the tower layer a composed 

- of or induces af least In partlhaMrial which is conductive or"sernPuwductrve* so that the high 
20 vt^xaniwap^edlolhepowdW^ 

layer l24Tncme»e^«ie^ve section* 128 each in registry with respective capsules 120. 
■ v 5 Means (not shewn)!* providedfor feeding the svtp lit in stepwise fashion paat an opening 
128*so as t^Wnd/eeeh capsule 120 in turn int»regiseTw«rtheopenip«-128: Aigned with the 
opening 128. there 6 » plunger «30 which has tf cemrat eor»t» ctonduetive material 
25 connected to the WgtTvotage output of the generator 114 and at *s Upa conductive terminal 
portion 134 connected to the core so that the high voltage is conducted to tft^tisrmmal portion 
134. The plunger 130 is movable towards and away from the opeoing.12».(anw»s 8) and the path 
of travel (arrow y of the strip 118 extends between the ptunget-np antfthe opening 128 so that. 
Jj|J||lidexedim^ 

i^lftnlnat portion 134 and the section 120 a«Morcea the capsule upwardly 

^ thelipper layer of material to rupture thereby exposing the powder as shown in Figure 8. 

#am»W»«W ce^xdinat^ 

generator 1 14 (af of which may be effected in response to operation of an actuator coupled with 
the switch 1 10). exposure of the powder in the vlcWry of the openoig 128 is accompanied by 
35 aopMcatton of high vottage to me powder v»a me core 132. terminal portloo-1 34 and capsule 
section 128 with consequent spraying of a discrete amount of powder... 

ReferrirKj next to Figiaw 9 arxl 10. in this enibooSr^ 
are separated from a store within the device and lugh vcW * «PP^ to the slugs. As slwwn 
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schematically, the store of powder is in the form of a hopper section 140 associated with the 
housing 142. As in the embodiments described above, the housing accommodates a dc battery 
supply powering a high voltage generator under the control of user operable switch (not shown). A 
piston 144 extends through an opening at the base of the hopper section 140 and is stidabty 
5 mounted within the housing for movement between a retracted position (Figure 9) and an 
extended position (Figure 10). Means (not shown) is provided for moving the piston to its 
extended position in response to operation of an actuator which is also coupled to the switch 
controlling operation of the generator. Such means may also control retraction of the piston or 
alternatively this may be effected automatically, eg by means of suitable biassing means, such as 

10 spring loading, on release of a user controlled actuator which may also control operation of the 
high voltage generator. 

The upper end of the piston 144 mounts a cup 146 so that as the piston moves from the 
retracted position to the extended position, it isolates a slug of the powder as shown in Figure 10. 
The high voltage output of the generator is coupled to the powder contained within the cup 146 via 

1 5 lead 148 and conductive core 150 within the piston 144. Operation is co-ordinated so that the high 
voltage generator is energised when the piston has been extended to isolate a slug of the powder, 
which is then sprayed under the influence of the resulting electrostatic field. A cover (not shown) 
may be provided to seal the powder within the hopper section 140 when the device is not in use. 
In a modification of the embodiment of Figures 9 and 10 (see Figures 11, 12 and 13). 

20 instead of the piston passing through the powder in order to cottect a quantity thereof in the cup 
146. the piston 160 may move within a bore 162 formed with a lateral opening 164 communicating 
with a store 166 of powder. When the device is not in use. the piston overlaps the opening 164 
(see Figure 1 1 ) and thereby prevents feed of powder into the bore 162. When the device is 
operated, a user operable drive mechanism (not shown) is effective to initially retract the piston 

25 (see Figure 12) so that powder can enter the cup 166 at the leading end of the piston and then 
advance the piston to an extended position (Figure 13). When the piston is in the latter position, 
high voltage is applied to the contents of the cup (via a conductor 167 passing through the piston) 
to effect spraying, operation of the high voltage generator being suitably co-ordinated with the 
drive mechanism. On completion of spraying the piston is returned to the position shown in Figure 

30 11. 

Figure 14 illustrates a device for spraying of medical or pseudo-medical formulations in 
powder form into the respiratory tract. The powder to be sprayed is stored in capsule form, the 
capsule being ruptured to expose the powder when spraying is required. The housing 210 is 
designed so that its leading end 21 1 forms a nozzle portion suitably dimensioned far registry with 
35 the nostril or mouth (depending on whether it is to be used as a nasal or oral appicator). Openings 
234 are provided in the housing to allow air to be drawn into the housing to the opening 228 when 
the user inhales. The housing 210 (shown in part only) accomodates a dc battery supply 212 
powering a high voltage generator 214 under the control of user operable switch 216. The housing 
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210 receives a strip 218 comprising a series of lerghwise spaced capsutes 220 cf po ». The 
arpcompnses upper and tower layers ol material such as foa between which discrete guarttttes 
of the powder material am erwapsulated. The upper layer atla«toeompBS6dol«m«««talw«ch 

readily rupture whiistttelow^ 
,s conduct** or "seinvcooducttve- so that the high voltage can be appied to the powder within 

eactt capsule Jn th« Wustr^ en*od^ 
registry with respective capsules 22ft 

Means (not shewn) is pcovtfed for feeding fh* strip 218 in stepwsa fashion past an open.ng 
228 so estobrlrtg each capsule 220 intern into registry wffli«e operang228. A niectumsm (eg 
as shown to Figures 7 and 8) is prt*o*r for rupture* eadreapsul*^ i is aligned w«h the 
opening 228. By appropnatety coordinating movement of ttiejtrip.220** fl«Mrtno iwehantsm 
wM, en«gisalion of the clamor 214 (H of which may be 

actuator coupled with the switch 210). closure of tr»*owder M tf»vte*ityc*tne cperwg 228 is 
accompany by aop«cation of r^ vo^ 
15 arrwuirtofpowderwothepassegewey* 
inhrte s ,„am<>dJf»eatloh.lr*dev^ 
int^afic* on *e part of ite user and such means may 

op^iarespohs. to inhalation by theuser. — - - ■*« => ^ *; ^ ' 
In general, ^dispensing ouOat wi» be located upstream of tneAaeeJU tuuertty of the 

2frn«zie Diamine 

the spray is generated wftmn the nozzle portion, at least tvmpatMm******"** 

particles wa have a tendency to deposit on to the nozzle portion as the iattaaatfLbaat low 

p^^Vhen contacted with the users nostrworlips. Oepostoaof parses on 15*poiz* portion 

c„l*„^ reduce* by «>r^ 
25 ^d^e-buM^M* 

charged particles on the surface. - -■ ' '- s T M ' ZK * R \" 

tneaehofOieernbediir^dest^ 

votage source and serves to convert the tow vonaoalmo>aaa»curiaie^ 

each c» tmi Wpi) oeneraw 

30 wfiic»«iiad«>lbapow«^ 

cohorts, a lame array of discrete veftage producing e ieiiujias..e8 / i«o*o«aJc afcsaents. 

a&enafy connect* to produce a high voltage output ln,e»poeaa» tod*l^ 

eteetnmanwtic radiation 

arnttertig^egbytocat^c*^ 
3$ r«m»reiJ28intheerr>t>ed»rn^^ 

v^ndow formed in the housing of the devK* In tn,s event each of the d^ -tusWted may be 

provided wan a movable cover wmch. when in place, si*** the array and whan removed or 

o^aced from the shielding position allows exposure so ft* vorog, *ner*ion* «« pes**.. 



14 



WO96/10459 



PCTSGB9S/02218 



Figure 15 shows an alternative arrangement which is appUcatte to each of the illustrated 
devices. In this arrangement, irradiation of the array forming the generator 328 is provided by a 
radiation producing device such as a light emittingjiiode (LED) 340 forming part of a tow voltage 
circuit including user operable switch 344 and low voltage source 341 . eg one or more low vottage 
5 batteries (which may be rechargeable). The low vottage circuit and the generator 328 have 
connections to earth through a wait 312 of the device housing 314. The connection to earth may 
be made by contact of that wall with an earthed surface on which the device is placed or by 
contact with the hand of a user. Closing and opening of the switch 344 is effective to energise and 
de-energise the LED 340 thereby controlling irradiation of the photovoltaic elements of the 
1 0 generator 328. Thus, closure of the switch serves to irradiate the generator and produce a low 
current high voltage output, typically of the order of 5 to 15 kV. and in use this vottage is applied 
via lead 316 to the mass of particulate material to effect electrostatic spraying thereof. If 
necessary, an optical device such as a lens may be associated with the LED 340 to ensure that 
the radiation emitted is uniformly distributed over the arTay of voltage producing elements. 
1 s In each of the embodiments described with reference to the drawings, it will be understood 

that the arrangement be may such that spraying is suppressed until the device is brought into 
appropriate proximity with the target to be sprayed. The extent of proximity appropriate will tend to 
vary for different applications. For instance, if the device is intended for use a cosmetic applicator 
the degree of proximity will tend to be closer than a device intended for use in the application of 
20 domestic cleaning agents. Proximity control may for instance be provided by means of a 

cyUndrical shroud (or other potential gradient attenuating means) encircling the zone from which 
the powder is to be sprayed and carrying a voltage such that the local potential gradient is 
attenuated, at least until the device is brought into close proximity with the target to be sprayed at 
which time the close proximity of the low potential target (eg at earth potential) will serve to 
25 intensify the electric field local to the exposed surface of the powder mass and permit the 
commencement of spraying. The voltage established on the shroud may be produced by stray 
corona discharge generated by the high potential present or it may be positively applied by 
connecting the shroud to the high voltage generator in any convenient manner. Proximity control 
may alternatively or additionally be effected by appropriate selection of the voltage applied to the 
30 powder, ie insufficient to develop a spray until the device is brought dose to a low potential target. 
One application where proximity control can be advantageous is in the spraying of 
insecticides. In such an application, the device may be arranged so that spraying is suppressed 
normally but is initiated* the event of an insect such as a housefly passing dose to the location 
at which the spray issues, the presence of the insect being effective to intensify the electric field 
35 and cause discharge of powder which will be attracted to the insect The device may be provided 
with means for attracting insects, eg the powder may be one which, in addition, to acting as an 
insecticide produces a scent or smell effective to attrad insects or the device may be arranged to 
. emit radiation to attract insects, eg in the dark. 
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In experimental work, we have been found mat a variety of materials such as sics gel 
cystals. aluminium ehlorohydrate particles, brown sugar and white sugar, can be made to spray 
satisfactorily. More specifically, satisfactory spraying has been achieved using:. 
Merck Silica Gel 60 In the fottowng size ranges 
S 0.015 to 0.04 mm (Product No. 151 11) 

0.04 to 0.063 mm (Product No. 0385) 
0.063 to 0.2 mm (Product No. 7734) 
02 to 0.5 mm (Product No. 7733) 

and • 
10 Macrosprierical 95 aluminium cniororiydrate supplied by 

Reheis inc. 235 Snyder Avenue. Berkeley Heights. Hew Jersey.fl.T922, USA 
in an experiment designed to explore proximity control, a cvSndmal cup composed of 
Delrtn (height 58 mm. inside diameter 38 mm and outside diameter 44 mm) was fitted internally 
with an electrode at the base thereof and was mounted with the. longitudinal aads of the cup 
15 vertical and its open mc^ presetted upwardly. Trie «^ ! 
HT cable, to the output of a high voltage generator (Applied Kllwroto K§,3CV28P). The cup was 
then filled wOri venous samples of silica gel particles (as specified above) and a high voltage was 
applied to the etecwde. ^ Successful sprsymg of the powders was£Named by adjusting me 
voksge. The voltage was Jhen adjusted until, a condition was obtained where the voltage was 
20 below the threshold at wruch particles were observed, with the aid of bpckBghting. to be propelled 
fromthe cup. Under, these <*nd|ions. 

the open mouth of the cup. the presence c4 the object If.sufRden^^ 

spraying (ie as a result of the electric field being Wensrftecl by me irmoduction of e proximate 

object at low potential). . - 

25 Experimental work also indicates mat powo^lnat produce poor quality spray^ 
used alone can be made to spray more effectively when mixed with a powder having better 
spraying quauties. Thus, for example, a pure aluminium c*M«c*ydrate grade (Micro-dry. available 
from Reheis Ins) having a resistivity of about 1.3 x 10* measured by. the technique described 
below wim r«fe*tJW to Flgiim 16. was four^ 

30 «BSfc»«l»b»cia3^ 

(stte range 15 to 40 mlerans). eg. in a «fw ratio of 75% aluminium chrorehydrate: 25% slca gel. 
tne^rttture was found to produce a fine even spray. Trie resistivity c^tnem 
as 2.4 x 10' otim-cm using the method described below. 

As mentioned previously, resisbviies as referred to hi the context of the present invention 

35 relate to the resistivity of the packed particulate material, ie bulk powder resistivity, as opposed to 
the volume resistivity of the material perse. The bulk powder resistivity may be measured in the 
followaig manner, using a powder-recemng cell as srwwn m Rgure 14 . The ceti 200 is generally 
cylindrical and is closed at each end by an electrode 202. 204 by means of which the cel. filled 
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with powder, can be connected across an AC bridge such as a Wayne-Kerr Automatic Precision 
Bridge B905. obtainable from Famed Instruments. Durban Road. Bognor Regis, West Sussex. 
England. With one of the electrodes removed, the cell is loosely filled with the powder and then 
repeatedly tapped on a surface to aid consolidation of the powder under gravity. When setttmQ of 
5 the powder is observed to have ceased, the mass of powoer in the ceU is topped up until slightly 
proud of the powder containing cavity, the surplus is removed (eg by using a sheet of paper as a 
doctor blade) and the cell is closed by replacing the electrode. The resistance of the powder 
enclosed between the electrodes is then measured using the AC bridge and the measured value is 
converted to a bulk powder resistivity, p.. using the standard formula: 

10 Pp ' 

where R is the measured resistance (ohms). I is the axiai length (cm) of the plug of powder in the 
ceM and A is the cross-sectional area of the powder plug (car). 



17 



WO 9*710459 



PCT/GB95/t22lS 



CLAIMS 

1. A method of spraying particulate materials composing applying a Ngtt voltage to a mass of 
the material in such a way as to electrically charge particles of the material ami thereby effect 
propulsion of the particles away from said mass. 
5 2. A method as claimed in Claim i in which the spraying is effected in the absence of any 
liquid vehicle for suspension of the particulate material. 

3. a method as claimed in Ctalmi W 2in%»wchriier^vottageisappiedtoasUM^mas»of 
said particulate material 

4. A method as dabnefl m any one of the preceding claims in which toa mass of particulate 

1 0 material is contained within a receptacle having a discharge outlet at which a surface of the mass 
-. is exposed at least during spraying. ., • 

5. A method as claimed in any one of Claims 1 to 4. in which spraying is effected substantially 
without any accompanying corona discharge. 

6. A method as claimed in any one of Claims 1 to 5 in which the particulate matenal when m 
15 the form of a packed mass has a bulk resistivity less than 10" ohm cm. § 

7. A method as datmed in any one of Claims 1 to 6 in wti.ch the paniculate matenal is , 
sprayed without the assistance of a gas flow. I 

8. A method as claimed in any one of the preceding claims in which the applied voltage is 
derived from a voltage generator comprising a large array of discrete voltage producing elements 

20 interconnected to produce a high voltage. 

9. a method as claimed in any one of the preceding claims in which the particulate material 
comprises a mature of two or more particulate materials having differing resistivities. 

10 A method as claimed in any one of the preceding claims cornonsing effecting suppress™ 
of propulsion of particles from the bulk material until the mass of matenal is brought into the 
25 proximity of an object or target towards which the particulate material is to be sprayed. 

11. A method as claimed in any one of the preceding claims in which the high voltage applied 
to said mass of particulate material is bipolar wnereby the particles issue from the mass as 
successive sprays of negatively charged and positively charged particles. 
12 A dev^^^raying particulate material, comprising a receptacle for the material to be 
_ a vo^gtglnetator for applying high voltage to the mass of particulate material, and 
iWlOl^ tocation from wnich I***** ***** ****** * SUe ,r ° m mC 
fffitss in use. 

13. A device asdaimed in Claim 12 in which the applied voltage is such that, in the absence of 
the particulate material, substantially no corona discharge occurs. 
35 u A device as claimed in Claim 12 in which the applied voltage is no greater than 25 kV. 
15 A device as claimed in any one of Claims 12 to 14 in which the device is in the form of a 
self-contained unit comprising a housing which is suitable for handle* use or is readily portable 
using one hand. 
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18 A device as claimed in any one of Claims 12 to 1 5 including a user operable actuator for 
controlling opening and closing of the dispensing outlet from which the particulate material is 
discharged. 

1 7. A device as claimed in Claim 16 in which the actuator also controls operation of the high 
5 voltage generator, the arrangement being such that operation of the actuator is effective to 

co-ordinate opening of the dispensing outlet with operation of the voltage generator. 

18. A device as claimed in Claim 16 or 17 in which the actuator comprises a movable element 
controlling opening and closing of an opening through which the material is dischaiyed. said 
element being so arranged as to be movable by the user while holding the device in the hand. 

10 19 A device as claimed in any of Claims 12 to 1 5 including means for separating a portion of 
the paniculate material from the main bulk of material stored in the device and means for applying 
the high voltage to the portion so separated. 

20. A device as claimed in any of Claims 12 to 1 5 Including means for storing me particulate 
material as separate discrete quantities, means for .ocating.each such dbcrete quantity at the 
1 5 dispensing location and means for applying the high voltage to each such discrete quantrty when 
registered with the dispensing location. 

21 A device as claimed in Claim 20 in which said discrete quantities of material are 
encapsulated and means is provided for opening or rupturing the encapsulating material at said 
dispensing location to expose the particulate mass therein with accompanying application of high 
20 voltage to the encapsulated mass to effect spraying. 

22. A device as claimed in Claim 21 in which the particulate material is encapsulated in a 
series of cells coupled together and means is provided^ indexing the cells successive* into satf 
dispensing location at which each cell is opened or ruptured and at which the high voltage is 
applied to the mass of encapsulated material thus made available for spraying. 
25 23 A device as claimed in any one of Claims 12 to 22 including a housing provided with a 
nozzle portion which is suitable for registry with the nasal or oral cavity and defines a passageway 
through which, in use. air can be drawn by inhalation on the part of the user, the nozzle port.on 
being associated with said dispensing location so that the material is dispensed into said 
passageway whereby, with the assistance of user-induced air flow through the passageway, the 
30 particles pass through the nozzle into the nasal or oral cavity. 

24 A device as claimed in any one of Claims 12 to 22 including a housing provided with a 
nozzle portion which is suitable for registry with the nasal or oral cavity and defines a passageway 
into which, in use. the material is dispensed whereby the parades pass through the nozzle into the 
nasal or oral cavity. 

35 25 A device as claimed in any one of Claims 12 to 22 including a housing provrfed wrth a 
nozzle portion which is suitable for registry with the nasal or oral cavity and defines a passageway 
through which, in use. air can be drawn by inhalation on the part of the user, the nozzle portion 
being associated with said d*pensing location so that the material is dispensed into said 
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passageway whereby, with the assistance of useHnduced air flow through the passageway, the 
particles pass through the nozzle into the nasal or oral cavity. 

26. A device as daimed in Claim 24 or 25 in which the dispensing outlet is located upstream of 
the toward extremity of the nozzle portion. 
5 27. A device as claimed in any one of Claims 12 to 26 indudinQ a holder for locating a discrete 
quantity of the substance in the vicinity of the dispensing location. 

28. A device as datmed in any one of Claims 9 to 27 in which the voltage generator provides a 
bipolar output 

29. A method of spraying an electrostatically tproyabic substance m particulate form into the 
10 noseornwithcf a userwmprtsingappfy^ high vonage to a mase or body of the substance In 

such a way as to effect propulsion of the particles of the substance away from said mass. 

30. A method as claimed in Claim 29 indudtng entraining thchctacged particles in an air flow 
induced by inhalation on the part of the user. /.rn^r 

31. A device for producing a spray or stream of electrically charged particles comprising means 
15 defining a location from which said spray or stream is genermecf and a voltage generator tor 

producing high voltage between said location and the surroundings the generator comprising a 
large array of voftege producing elements interconnected to produce a high voftage. 
32 A device es claimed in Cleta 31 in whichthe generator,* *so(£ state devjpe. r 

33. A device as darned in Claim 31 or 32 in m+tam of an eieonxjUbc spraying device 
20 comprising an outtet from which mmeri^ 

outlet being associate* with said location and the amy of elemei^.being mjen^ 
produce a high voltage suffident to effect eiectraaMc spring c^matertai from the device. 

34. . a device ardatmed in any one of Claims 31 to 33 in which tfw.vo^ generaiar produces 

a bipOi&r OUtpUt * ^i^--"** \" -**r\«r--- - 

25 35. A cartridge for use in electrostatic spraying comprising a container, a mass of particulate 
electrostatically sprayable material in the container, thecontainer having an opening at which a 
surface ^ the mass of material is exposed in use. and means for conducting high voltage from a 
source external to the container to the mass of material therein whereby, in use. high voltage is 
conducted through the mass of material to the exposed surface wtti consequent projection of 

30 partides from said surface. ••.••*..«* > 

3$r^ a pack for use in electrostatic spraying comprising at least one eel kiwWch a mass of 
particulate electrostatically sprayable material is encapsulated, the eei having a wall which is 
removable, pterceable. rupturabie or otherwise arrvged to allow exposure of a surface of the 
enclosed mass to the surroundings and means for conducting high voftage from a source external 

35 to the eel to the mass of material therein whereby, in use. high voftage is conducted through the 
mass of malarial to the exposed surface with consequent projection erf particles from said surface 
37. A peck as daimed in Claim 36 comprising a plurality of said cells. 
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Fig.1. 
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Fig.5. 
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Fig. 14. 




